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(57) A tubular structure |>ositioned in a borehole within . 
a subterranean formation comprises a first tubular 
member 115, and a second tubular member 210 
coupled to and overlapping with the first member 
115. the second tubular member being coupled to 
the first by the process of trtstalling the second 
tubular member 210, an expansion cone 205, and a 
shoe 215 that defines an interior region for 
containing fluidtc materials in the borehole, radially 
expanding at least a portion of the shoe 215 by 
Injecting a fluidic material into the shoe, and 
radially expanding at least a portion of the second 
tubular member 210 by injecting a flutdk: material 
into the borehole below the expansion cone. The 
expanded tubular member has the same inner 
diameter as the non-overlapping portion of first 
(pre-existing) tube 115 after expansion. The 
procedure may be repeated with further tubes 210. 
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..^MONO-OIAMETERWELLBORE CASING 
Cross Reference To Related Applications 
This application is a continuation-in-part of U.S. utility application serial number 
09/454.139, attorney docket number 25791.3.02. filed on 12/3/1990, which claimed the 

5 t)enefit of the filing date of U.S. provteional patent application serial numt)er 

60/111.293, attorney docket nunnber 25791.3. filed on 12/7/1998. the disctosures of 
which are incorporated twrein t>y reference. 

This appHcatton is related to the foNowing: (1) U.S. patent application serial no. 
09/454.139. attorney docket no. 25791.03.02. fnsd on 12/3/1999. (2) U.S. patent 

1 0 appHcatim serai no. 09/510.91 3. attorney docket no. 25791 .7.02. filed on 2/23/2000, 
(3) U.S. patent application serial no. 09/502.350, attorney docket no. 25791.8.02, filed 
oh 2/10/2000, (4) U.S. patent applicatk>n serial no. 09/440,338, attorney docket no. 
25791.9.02. filed on 1 1/15/1999, (5) U.S. patent applicatton serial no. 09/523,460. 
attorney docket no. 25791 :i 1 .02. filed on 3/10/2000. (6) U.S. patent applicatton serial 

15 no. 06/512,885. atlonney docket no. 25791 .12.02. filed on 2/24/2000. (7) U.S. patent 
appKcatkm serial no. 09/51 1 .941 . attorney docket no. 25791 .16.02. filed on 2/240000, 
(8) U.8. patent application serial no. 09/588.946, attorney docket no. 25781.17.02, filed 
on 6/7/2000, (8) U.S. patent application serial no. 09/559,122. attorney docket na 
2579123.02. filed on 4/26/2000. (10) PCT patent appOcaUon serial no. 

20 PCT/USOO/18635, attorney docket no. 25791.25.02. filed on 7/8/2000. (1 1) U.S. 

proMstonai patent application serial no. 60/162.671, attorney docket no. 25791.27, filed 
on 11/1/1999, (12) U.S. provistonai patent application serial no. 60/154.047. attorney 
docket no. 25791 .29. filed on 9/16/1999. (13) U.S. provisional patent application serial 
no. 60/159,082, attorney docket no. 25791.34. filed on 10/12/1999. (14) U.S. 

25 provisional patent apptication serial no. 60/1 59,039. attorney docket no. ^791 .36, filed 
on 10/12/1999, (15) U.S. provisional patent applkation serial no. 60/159,033, attorney 
docket no. 25791.37. filed on 10/12/1999. (16) U.S. provisional patent applicatton serial 
no. 60/212.359. attorney docket no. 25791.38. filed on 6/19/2000, (17) U.S. provistonai 
patent application serial no. 60/165,228. attorney docket no. 25791 .39. filed on 

30 11/12/1999, (18) U.S. provistonai patent appllcaflon serial no. 60/221,443, attorney 
docket no. 25791.45. fitod on 7/28/2000, (19) U.S. provlsional patent appitoatton serial 
no. 60/221.645. attorney docket no. ^791.46, filed on 7/28/2000, (20) U.S. provisional 
patent applkation serial no. 60/233.638. attorney docket no. 25791.47. filed on 
9/18/2000. (21) U.S. provistonai patent applcation serial no. 60/237.334. attorney 

35 docket no. 25791 .48. filed on 10/2/2000. and (22) U.S. provistonai patent applicatton 
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serial no. 60/262,434. attorney docket no. 25791.51, filed on 1/17/2001. the disclosures 
of which are incorporated herein by reference. 

Background of the Inventton 
This inventkHi relates generally to wellbore casings, and in partk:ular to welitxm 
5 casings that are fbm^ using expandable tubing. 

Conventionally, whm a wellbore is created, a nurnber of casings are installed In 
the borshole to prevent collapse of the borehole wall and to prevent undMired outflow 
of drilling fluid into the fonmatfon or inflow of fluW from the fbrmatfon into the borehole. 
The borehole is drilled in intervals whereby a casing which Is to be installed in a kTwer 

ID borshole hterval is bwered through a prevtously Installed casing of an upper borehole 
intend. As a consequence of this procedure the casing of the kiwer inten/al Is of 
smaller dlam^er than the casing of the upper interval. Thus, the casings ars in a 
nested anangement with casing diameters decreasing in downward d!rectk>n. Cement 
annuii are provUed between the outer surfeoes of the casings and the borehole wall to 

15 seal the casings from the borehole waB. As a consequence of this nested arrangement 
a relatively large borehole dianieter is required at the tipper ^ 
a large borehole dtanneter involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of driiUng fluid and drill cuttings. 
Moreover, increased drilling r^ time is invoh^ due to required cenwnt puntplng, 

20 cement hardening, required equipment changes due to large variations In hole 

diameters drilled in the course of ttie well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for forming new sections of casing In a wellbore. 
25 Summary of the Inventton 

According to one aspect of the present Invention, an apparatus for fomiing a 
wellbore casing in a borehole located in a subtenanean formation indudtng a 
preexisting w^bore casing is provided that includes a support member Including a first 
fluid passage, an expanston cone ompled to tiie support member including a second 
30 fluid passage fluididy coupled to the first flidd passage, an expandable tubular iiner 
movaUy coupled to the expansion oone, and an expandable shoe coupled to ttie 
expandabto tubidar liner. 

Acoorcftig to another aspect of the present invention, a shoe is provided tttat 
includes an upper annular portton, an intermediate annular portion, and a lower annular 
35 portion. The intermediate annular portion has an outer drcurnfiarencetha^ 
than the outer droumferences of the upper and lower annular portions. 
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Aooonling to another aspect of the present invention, ti m 
wein>ore casing in a subterranean fbnnation having a preexistmg weiBwre casing 
positioned in a t)orehole is provided that includes tnstaiiing a tubular flner. an expansion 
cone, and a shoe In the borehole, radially expanding at least a portion of the shoe by 
5 injecting a fluWic material into the shoe, and radially expanding at least a portion of the 
tubular liner by injecting a fluldic material into the borehole below the expansion cone. 

According to another aspect of the pr^nt invention, an apparatus for fbmiing 
a weilbore casing in a subterranean fbnnation having a preexisting weDbore casing 
positioned in a borehole is provided that include means for installing a tubular liner, an 
10 expansion cone, and a shoe in the borehole, means for radially expanding at least a 
portion of the shoe, and means for radially expanding at least a portion of the tubular 
liner. 

According to another aspect of the present invention, an apparatus for fomning 
a wePbore casing within a subterranean formation Including a preexisting weilbore 
15 casing positioned in a borehole is provided that includes a tubular Oner, and means for 
radially expanding and coupling the tubular Hnerto an overlapping portion of the 
preexisting weilbore casing. The inside diameter of the radially expanded tubular liner 
is subslantialiy equal to the inside diameter of a non-overiapping portion of the 
preexisting weilbore casing. 

20 According to another aspect of the present Invention, a weilbore casing 

positioned in a borehole within a subterranean fomtaHon is provided that includes a first 
welbore casir^. and a second weilbore casing coupled to and overlapping with the firet 
weilbore casing. The second weiibore casing is coupled to the first weilbore casing by 
the proc^ 6h installing the second weiibore casing, an expansion cone, and a shoe in 

25 the borehole, radially expanding at least a portion of the shoe by ir^ecfing a fiuldle 
material into the shoe, and radially expanding at l^st a portion of the secorxl weOt^ore 
ca»ing by irijecting a fluldic material Into flw borehole below the expansion cone. 

According to another aspect of the present invention, a method of fomtlng a 
tubular stnjctwe In a suMenanean formation having a preexisting tubular member 

30 positioned in a borehole is provided that includes installing a tubular liner, an expanston 
cone, and a shoe in ttie boretwle, radially expanding at least a portion of the shoe by 
injecting a lluidic material into the shoe, and radially expanding at least a portion of the 
tubular liner by irijeGting a fluidie materlal into the borehole below the expansion cone. 
According to another aspect of the present invention, an apparatus for fonning 

35 a tubular structure in a subterraiieanforrnalion having a preexisting tubular rnernber 
positioned In a borehole Is provided that includes means for Instaling a tubular liner, an 
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expansion cone, and a shoe In the borehole, mean 

portion of the shoe, and means for radially expanding at least a portion of the tubular 
liner. 

According to another aspect of the present Invention, an apparatus for forming 
5 a tubular stmcture within a subterranean fonnatlon Including a preexisting tubular 
member positioned In a borehole is provided that includes a tubular liner and means for 
radially expanding and coupling the tubular liner to an overlapping portion of the 
preexisting tubular member. The inside diameter of the radially expanded tubular liner 
is substantially equal to the Inside diameter of a non-overlapping portion of the 
10 preexisting tubular member. 

Acoonjing to another aspect of the present invention, a tubular structure 
positioned In a boretiole within a subterranean fbrmafion is provided that Includes a first 
tubular member and a second tubular member coupled to and overlapping with the first 
tubular member. The second tubular member is coupled to the first tubular member by 
15 the process o^ Installing the second tubular member, an expansion cone, and a shoe 
In the borehole, radially expanding at least a portion of the shoe by Injecting a fluidic 
material Into the shoe, and radiaiiy expanding at Imst a portion of the second tubular 
member by injecting a fluidic material into the borehole beiow the expansion cone. 

Brief Description of the Drawings 
20 FIG. 1 is a fragmentary cross-sectionai view illustrating the drilling of a new 

section of a well borehole. 

FIQ. 2 is a fragmentary cross-sectionai view illustrating the placement of an 
embodiment of an apparatus for creating a monoKliameter wellbore casing wltWn the 
new section of the well borehole of FIG. 1 . 
25 FIG. 2a Is a cross-sectionai view of a portion of the shoe of the apparatus of 

FIG.Z 

FIG. 2b is a cross-sectional view of another portion of the shoe of tte apparatus 
ofRG.2. 

FIG. 2c Is a cross-sectionai view of another portion of the shoe of the apparatus 
30 ofRG.2. 

FIG. 2d is a croes-sectional view of another portion of the shoe of the apparatus 

ofnaz 

FIG. 2e la a cross-sectionat view of a portion of the shoe of the apparatus of 
FIG. 2a 
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FIG. 3 is a fragmentary cross-sectional view illiffitrating the bijaction of a 
hardenable fluldic sealing material through the apparatus and into the new section of 
the well t)orehoie of FIG. 2. 

FIG. 3a is a cross^ectional view of a portion of the shoe of the apparatus of 

5 FIG. 3. 

FIG. 3b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG.3a. 

FfG. 4 is a fragmentary cross-sectional view iflustrating the hjecBon of a fluldic 
material into the apparatus of FIG. 3 in order to fliAJidy Isolate the interior of the shoe. 

10 FIG.4aisacross-sectionaiviewofaportk)nofthe8lu)eofthe^paratusof 
FIG. 4. 

FIG. 4b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 4a. 

FIG. 5 is a cross-sectional view Hlustrating the radial expansion of the shoe of 

15 FIG. 4. 

FIG. 6 is a cross-sectional view Hlustrating the lowering of the expandable 
exparttion oone into the radiaHy expanded shoe of the apparatus of RG. 5. 

FIG. 7 is a cross-eectlonal view illustrating the expansion of the expend^le 
expansion cone of the apparatus of FIG. 6. 

20 FIG. 8 is a eross-eectional view illustrating the injection of fhiidic material into 

the radially expanded shoe of the apparatus of FIG. 7. 

FIG. 9 is a cros&eectional view fflustreiing the completion of the radial 
mpansion of the expandable tubular member of the apparatus of FIG. 8. 

FIG. 10 Is a cross-secUonal view illustrating the removal of the bottom portion of 
25 the radially expanded shoe of the apparatus of FIG. 9. 

FIG. 1 1 is a cross-sectional ^Hew illustrating the fbnnation of a nf»no-dlameter 
wellbore casing that includes a pkjrality of overlapptng mono-diameter weiibore 
casings. 

FIG. 12 is a fragmentary cn)s»«ectional view Illustrating the placenwnt of an 
30 altemativa enrtbodiment of an apparatus for creating a rnonoKliarneter wellbore c»ing 
within the welbore of FIG. 1. 

FIG. 12a te a cross-secHonai view of a portion of the shoe of the apparatus of 
FIG. 1Z 

FIG. 12b is a cross-sectional view of a portion of the shoe of the apparatus of 
35 FIG. 12. 
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FIQ. 12c is a cross-sedional ^riew of another portion of Ihe shoe of the 
apparatus of FIG. 12. 

FIG. 12d is a cross-sectimial view of another portion of ttw shoe of the 
apparatus of FIG. 12. 

RG. 1 3 is a fragmentary cross-sectional view iilustrBtIng the injection of a 
hardenable fluidic sealing material through the apparatus and into the new sedim of 
the well txHBhoie of FIG. 12. 

RG. 13a is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 13. 

FIG. 14 Is a fragmentary cross-secfional view illustrating the Injection of a fluMic 
material into the apparatus of FIG, 13 in order to fluididy isolate the interior of the shoe. 

FIG. 14a is a cross-sectional viewof a portion of the shoe (rf the apparatus of 
FIG. 14. 

Fia 15 is a cross-sectidnal view niustrating the radial expansion of the shoe of 
FIG. 14. 

Fia 16 Is a cross^actional view illustrating the towering of the exparKtaUe 
expanslor) cone into the radtally expanded shoe of the apparatus of FIG. 15. 

FIG. 17 is a cross-sectional view illustrating the expansion of the expandable 
exparaion cone of the apparatus of FIG. 16. 

FIG. 18 is a cross-sedionai view illustrating the ii^edion of fluidic nnateriai into 
the radially expanded shoe of the apparatus of FIG. 17. 

FIG. 19 is a crass-sectional \dew illustrating the completion of the racfial 
expansion of the expandat>le tulMJiar memt)er of the apparatus of FIG. 18. 

FIG. 20 Is a cross-sectiorari vtow iilustrating the removai of tlw bottoni portton of 
the radially expanded shoe of the apparatus of FIG. 19. 

Detaitod Description of the Illustrative Emixxiiments 

inferring initially to FIGS. 1 . 2. 2a. 2b, 2c 2d. 2e. 3, 3a. 3b. 4. 4a. 4b. and 5- 

10, an embodiment of an apparatus and nwthod for forming a mono-diameter weilbore 

casing within a subterranean formation will now be described. As illustrated in Fig. 1 , a 

weiibore 100 is positioned in a subterranean fomiatton 105. The weilbore 100 includes 

a pra-exi^ng cased, section 110 having a tubular casing 115 and an annular outer 

layer 120 of a fluidic seeing material such as. for example, cement Thewellbore 100 

may be positioned in any orientation from vertical to horizDntal. in several attemaOve 

embodimenls, the pre-exisUng cased section 110 does not Include the annular outer 
layer 120. 



In order to extend the wellbore 100 Into the subterranean fomation 105. a drill 
string 125 is used In a weO known manner to drill out material from the sutitenanean 
formation 105 to form a new weilbore section 130. In a preferred emlwdlment, the 
Inside diameter of ti» new wellbore section 130 is greater than the inside diantoter of 
the preexisting wetltiore cwing 1 15. 

As illustrated In FIGS. 2, 2a, 2b, 2g. 2d. and 2e, an apparatus 200 for forming a 
wellbore casing in a subterranean formation Is then posifioned In the new section 130 
of the weilbore 100. The apparatus 200 preferably Includes an expansion cone 205 
having a fluid passage 205a that supports a tubular member 21 0 that includes a lower 
portion 210a. an inlBrmediate portion 210b. an upper portion 210c and an upper end 
portion210d. 

The expandon cone 205 rn^ be any nuinber of conventional commerdaiiy 
avallabie expansion cones, in several altamative embodiments, the expansion cone 
205 may be controllably eocpandable in the radial diiedion. for example, as disciosed in 
U.S. patent nos. 5.348.095. anUor 6.012.523. the disclosures of which are 
incorporated hereir) by reiiBrsnce. 

The tubular mmnbo' 210 may be febricated from any number of conventionsl 
commercially available matarials such as, for example. ODfleld Country Tubular Goods 
(OCTG). 13 chromium steel tubing/casing, or plastic tubing/casing. In a prefened 
embodiment, the tubtriar member 210 is fabricated from OCTG in order to maximize 
strength after expansion. In several altematlva embodiments, the tubular member 210 
may be solid and/or slotted. For typical tubular member 210 materials, the tongth of 
the tidjular member 210 is prefarab^ limited to between about 40 to 20.000 feet In 
length. 

The lower portion 210a of the tubular member 210 preferably has a larger 
inside diameter than the upper portion 210c of the tubular member, in a prefened 
embodiment the wall thidoiess of the fritemtediate portion 21 Ob of the tubular member 
201 is less than the wall thickness of the upper portion 21 Oc of the tidsular member In 
order to fadWate the Initiation of the radial expansion process, in a prefened 
embodiment, the upper end portion 21 Od of the tubular mennber 210 Is slotted, 
perforated, or otherwise modified to catch or stow down the expansion cone 205 when 
it completes the extrusion of tubular member 210. In a prefenad entedlment. wan 
thickness of the upper end portion 210d of the tubular member 21 0 is gradually tapered 
in order to gradually reduce the requirBd radial expansion forces during the latter 
stages of the radial expansion process. In this manner, shock loading conditions 
during Bw latter stages of the radial expanskm procsss are at least minimized. 
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A shoe 215 is coupled to Ihe lower portion 210a of the tubular member. The 
shoe 215 Includes an un)er portion. 215a. an intermediate portion 215b. and lower 
portion 21 5c having a valveaUe fluid passage 220 that Is preferably adapted to receive 
a plug, dart, or other similar element for oontrollabiy sealing the Huid passage 220. In 
5 this manner, the fluid passage 220 may be optinnlly sealed off by introducing a plug, 
dart and/or ball sealing elements into the fluid passage 220. 

The upper and lower portions, 215a and 215c, of the shoe 215 are preferably 
substantially tubular, and the Intennediate portion 21 5b of the shoe Is preferably at 
least partially folded inwardly. Furthemwre. In a prefenred embodiment, when the 

10 intermediate portion 215b of the shoe 215 is unfolded by the application of fluid 

pressure to the intwior region 230 of the shoe, the inside and outside diameters of the 
intermediate portion are preferably both greater than the inside and outside diameters 
of the upper and lower portions. 215a and 215c. in tMs manner, the outer 
drcumference of the intermediate portion 215b of the shoe 215 is preferably greater 

15 than the outside drcumfMences of the upper and lower portions. 215a and 215b. of the 
shoe. 

in a prefened embodbnent. tfw shoe 21 5 further includes one or more through 
and side outirt ports in fluidlcoomrmBiication with the fluid passage 220. Inthis 
manner, the shoe 215 opSmaiiy ir^eds hardenaUe fluidic sealing material into the 
20 region outside the shoe 215 and tubular member 210. 

In an altenurtive embodiment, the flow passc^e 220 is omitted. 
A support member 225 having fluid passages 2^ and 22Sb is coupled to the 
expansion cone 205 for supporting ihe apparatus 200. The fluid passage 225a is 
preferably fluididy coupled to the fluid passage 205a. In this manner, flukSc materials 
25 may be conveyed to and from the region 230 below the expansion cone 205 and above 
the bottom (rf the shoe 21 5. The fluid passage 22Sb is preferably fUildtcly coupted to 
the fluid passage 225a and includes a conventionai control valve, in this manner, 
during placement of the apparatus 200 within the weiibore 100. surge pressures can be 
reiteved by the fluid passage 2^b. In a preferred entfK)diment. the support member 

30 225 further includes one or mors conventional oentralizerB (not illustrated) to help 
staUHze the apparatus 200. 

During plaoement of the appaiatus 200 within the weKmre 100. the fluid 
passage lOSa Is preferably seteded to transport materials such as. for Mcampfe, drilling 
mud or fonnalion fluids at flow rates and pressures ran^ from about 0 to 3,000 
35 gaHons/hninuto and 0 to 9.000 pel in order to minbnize drag on the tubular member 
b^ run and to minimis suige pressures emrted on the weilbarB 130 which could 
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cause a loss of weflbore fluids and lead to hole collapse. During placement of the 
apparatus 200 within the weflbore 100, the fluid passage 225b is preferably selected to 
convey fluidic materials at flow rates and pressures ranging 1mm about 0 to 3,000 
Qallons/mlnute and 0 to 9.000 psi in order to reduce the drag on the apparatus 200 
5 during insertion into the new section 130 of the wellbore 100 and to minimize surge 
pressures on the new weDbore section 130. 

A cup seal 235 is coupled to and supported by the support member 225. The 
cup seal 235 prevents foreign materials from enteHng the interior region of the tubular 
member 210 adjacent to the expansion cone 205. The cup seal 235 may be any 

10 number of conventional commercially availabte cup seals such as, for example. TP 
cups, or Selective Injection Pacl<er (SIP) cups modified In accordance with the 
teachings of the present disclosure. In a preferred embodiment, the cup seal 235 is a 
SIP cup seal, available from Halliburton Energy Services in Dallas. JX In order to 
optimally block foreign material and contein a body of lubricant In several alternative 

15 embo(Smente. the cup 80^2% may indude a plurality of cup seals. 

One or mom sealing mernbere 240 are preferably ooupted to and supported by 
the exterior surfiace of the upper end portion 210d of the tubular ntember 210. The 
sealing members 240 preferably provide an overlapping joint between the lower end 
portion 115a of the casing 1 15 and the upper end portion 210d of the tabular member 
210. Ttwsealirqmernbers240rnaybeanyn(miberofcww«mtionalcornmerdriiy 
avaitebte seals such as, for exampte, toad, rubber. Teflor/or spoxy seals modifiad In 
accordance with the teachings of the prssent disclosure. In a prefbrred embodiment, 
the sealing members 240 are molded from Stratalock epoxy available from Halliburton 
Energy Services in Dallas. TX In order to optimally provide a load bearing interference 
fit between the upper end portion 210d of the tubular member 210 and the lower end 
portion 115a of the existir^ (ssing 115. 

In a preferred embodiment, the sealing members 240 are selected to optimally 
provide a sufficient frtcbonal force to support the expanded tubuter member 210 from 
the existing casing 115. In a prefened embodiment the fricttonal force optimally 
provided by the sealing membm 240 ranges from about 1,000 to 1.000,000 Ibf In 
onler to optimally support the expanded tid>ular member 210. 

In m altemalive embodbnent, the sealtog membors 240 are omitted from the 
upper end portion 210d of flie tubuter member 210, and a load bearing metaHo^tel 

interfarenoe fit Is provided between upper end portion of the tubuter member and the 
lower end portion 1 15a of the exisHrig casing 1 15 by plastlcaly defbrming and radlaly 
expanding the tubuter member into contact wHh the exisling casing. 
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In a preferred embodiment, a quantity of lubricant 245 is provided in the annular 
region above the expansion cone 205 within the interior of the tubular member 210. In 
this manner, the extnjsion of the tubular member 210 off of the expansion cone 205 is 
fadlltated. The Iubricant245 may be any number <rfron>«ntfonai commercially 
available lubricants such as. for example. Lubriplat|SErine based lubricants, oil 
based lubricants or Qlmax 1500 Antisieze (3100). In a prefenBd embodiment, the 
lubricant 245 is Qimax 1500 Antisieze (3100) available from Climax Lubricants and 
Equipment Co. In Houston, 7X in order to optimally provide optimum lubrication to 
faaHtate the expansion process. 

In a prelerred embodiment, the support nr»mber 225 is thoroughly cleaned prior 
toassembiylotherBnnalningportionsoftheapparatus200. In tWs manner. the 
introduction of foreign material into the apparatus 200 is minimized. This minimizes the 
possibility of foreign material clogging the various flow passages and valves of the 
appariBtus 200. 

In a prefBrred embodiment, before.or after positioning the apparatus 200 within 
the new section 130 of.the wellbore 100. a couple of weilbore' volumes are dreulated In 
onJer to ensure that no foreign materials ars iocaiad within the wellbore 100 that might 
dog up the various flow passages andvaiVM of the apparatus 200 and to ensure that 
no foreign material intwfores with the mpanslon process. 

As illustrated in FIGS. 2and 2e. in a prefeiTed embodiment during placement 
of the apparatus 200 within the wellbore 100. fluidic materials 250 within the wellbore 
that are displaced by the apparatus are at least partially conveyed through the fluid 
passages 220. 205a. 225a. and 225b. In this manner, surge pressures created by the 
placement of the apparatus within the wellbore 1 00 are reduced. 

As Illustrated In FIGS. 3, 3a. and 3b, the fluid passage 225b Is then dosed and 
a hardenable fluidic sealing material 255 is then pumped Inm a surface location Into 
the fluid passages 225a and 205a. The material 255 then passes from the fluid 
passage 205a Into the Interior region 230 of the shoe 215 below the expansion cone 
205. The material 255 then passes from the interior region 230 into the fluid passage 
220. The material 255 then exits the apparatus 200 and fins an annular region 260 
between the exterior of the tubular member 21 0 and the interior wall of the new section 
130 of the wellbore 100. Confinued pumping of the nwterial 255 causes the material to 
fin up at leasta portion of the annular region 260. 

The material 255 is pl»lBrab^y pumped Into the annular region 260 at pressures 
35 and flow rates ranging, for example, Irom about 0 to 5000 psi and DID 1.500 

galonartnln. tespedlvBly. The optimum flow rale and operating pressures vary asa 



20 



25 



30 
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funcBon of the casing and wellbore sizes, wellbore section length. 8vailat>le pun«)ing 
equipment, iand fluid properties of the fluidic material being pumped. The optimum flow 
rate and operating pressure are preferal)ly detennined using conventional empirical 
methods. 

5 The hardenable fluldic sealing material 255 may be any number of conventional 

commercially available hardenable fluidic sealing materials such as. for example, slag 
mbc, cement, latex or epoxy. In a preferred embodiment the hardenable fluidic sealing 
material 255 is a blended cement prepared spedflcally for the particular well section 
being drilled from Halliburton Energy Services in Dallas, TX In orxJer to provide optimal 
10 support for tubular member 210 while also maintaining optimum flow characteristics so 
as to minimlzB difficuHiss during the displacement of cement In the annular region 260. 
The optimum blend of the blended cement Is preferably detennined using conventional 
empirical methods. In several alternative embodiments, the hardenable fluidic sealing 
material 255 is oompresislble before, during, or after curir^. 

15 The annular region 260 preferably b filled with the material 255 In suflWent 

quanttHes to ensure that, upon radial expansion of the tubular member 210. the annular 
region 260 of the new section 130 of the wellbore 100 will be filled with the material 
255. 

In an alternative embodiment the Irtjection of the material 255 Into the annular 
20 region 260 is onnltled, or is provided after the radial expansion of the tubular member 
210. 

As Illustrated In FIGS. 4, 4a. and 4b. once the annular region 260 has been 
adequately filled with the material 255. a plug 265, or other similar device. Is introduced 
into the fluid passage 220. thereby fluididy isolating the interior region 230 from the 

25 annular region 260. In a prefened embodiment a non-hartenable fluidic material 270 
is then pumped into the Interior region 230 causing the Interior region to pressurtee. In 
this manner, the Interior region 230 of the expanded tubular member 210 will not 
contain signlflcant amounts erf the cured matmai 255. This also reduces and simplifies 
the cost of the entire process. AltemativBly. the malarial 255 may be used durfrtg this 

30 phase of the process. 

As Hlustratad In FIG. 5, in a preferred embodiment, the continued Injection of 
the fluidic material 270 pressurizes the region 230 and unfbUs the intermediate portion 
215b ofthe shoe 215. Irt a prafenned embodiment, the outsMe diameter of the unlblded 
intennedlala portton 215b of the shoe 215 b greater than the outside diametsr of the 

35 upper and lower portlona. 215a and 215b. ofthe shoe. In a pretteired embodiment, the 
Inside and outside diametere ofthe unfolded Inteimediaia portion 215b of the shoe 215 
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are greater than the inside and outside diametais. respectively, of the upper and toner 
portions. 215a and 215b, of the shoe. In a ppsferred embodiment, the inside diameter 
of the unfolded Intermediate portion 215b of the shoe 21 5 is substantially equal to or 
greater than the inside diameter of the preexisting casing 1 15 in order to optlmally 
5 facifitate the formation of a nfKKKHlian«terwelibor» casing. 

As illustrated in FIG. 6, In a prefened embodiment, the expansion cone 205 is 
then towered Into the unfolded intertnediate portion 215b ofthe shoe 215. In a 
prefened enibodlment. the expansion cone 205 is lowered Into the unfolded 
Intannediate portion 215b of the shoe 215 until the bottom of the expansion cone is 

10 proximate the lower portion 215c of the shoe 215. In a prefened embodiment, during 
tlie lowerfrig of the expansion cone 205 into the unfolded intennediate portion 215b of 
the shoe 21 5, the material 255 within the annular region 260 and/or the bottom of the 
weBbore section 130 maintains the shoe 216 in a substantially stationary position. 
As illustrated in FiG. 7, In a prsferred embodbnent. the outside diameter of the 

15 axpansion cone 205 is then inoBBsed. In a pr«ferred embodiment, the outside 
diameter of the expansion cone 205 is increased as disclosed In U.S. patent nos. 
5.348.095. and^6.012.S23. the disclosures of which are Incorporate herein by 
rslimnoe. In a preferred embodiment, the outside diameter of the radially expanded 
expansion cone 205 is substantially equal to the Inside diameter of the preexisting 

20 weObore casing 115. 

In an alternative embodiment, the expansion cone 205 is not lowered into the 
radWIy expanded portion of the shoe 215 prior to being radiaRy expanded, in this 
manner, the upper portion 210c of the shoe 210 may be radlaly expanded by the radial 
expansion of the expansion oone 205. 

25 In another alternative ernbodinrient, the expansion cone 205 is not radially 

expanded. 

As Illustrated in FIG. 8. in a preferred embodiment, a fluidic materiel 275 is then 
irijeded Into the region 230 through the fluid passages 225a arid 205a. In a prefened 
embodhnent, once the Interior region 230 becomes sufficient^ pressurized, the upper 
30 portion215aofthe8hoe215andthetubularmember210arBpieferablyplasticaily 
deformed, radiaHy expanded, and extruded off of the expansion cone 205. 

Fuilhennore. in a prefened embodiment, during the end of the radial expansion 
process, the upper portion 21 Od of the tubular member and the tower portion of tfie 

prsexlsling casing 1 1 5 that overlap with one another are simuRaneotAly ptastlcally 
35 defomwd and radially expanded. In this manner, a monoKilameterweRxMe casing 
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may be formed that indudei the preexisting welRwre casing 1 15 and the radially 
expanded tubular member 210. 

During the extrusion process, the expansion cone 205 may be raised out (rf the 
expanded portion of the tubular member 210. In a prafiMrBd embodiment, during the 
extrusion process, the expansion cone 205 is raised at approximateiy the same rate as 
the tubular member 210 Is expanded in order to keep the tubular member 210 
stationary relative to thenew wellbore section 130. in this manner, an overlappir^ Joint 
iMtween the radially expanded tubular member 210 and the lower portion of the 
preexisting casing 1 15 may be q>tlmally fbmied. In an alternative prefenwj. 
embodiment, the expansion cone 205 is maintained In a stationary position during the 
extrusion process thereby allowing the tubular member 210 to extrude ofF of the 
expansion cone 205 and Into the new weljbore section 130 under the ftjroe of gravity 
and the operating pressure of the interior region 230. 

In a prefiBrred wnbodiment. when the upper end portion 210d of the tubular 

nwnber 210 and the lower portion of the preexisting casing llSthat overtap with one 

another are plaslically deformed and radially expanded by the expansion cone 205, the 

expansion cone 205 is dispiaoed out of the weiibore 100 by both the operating 

pressure within the reglMi 230 and a upwardly directed axiai force applied to the 
tubular support member 225. 

The overiapping joint between the lower portion of the imexisting casing 1 1 5 
and the radially expanded tubular member 210 prsferabiy provides a gaseous and 
fhjldicseal. In a partlcuiariyprBfiBfred embodiment, the sealing membere 245 opttmally 
provide a fluidic and gaseous seal in the overtapping joint In an altamativa 
embodiment the sealing menrtiwrs 245 are omitted. 

in a preferred embodiment, the operating pTKSure and flow rate of the fiiddlc 
material 275 is controiiably ramped down when the expansion cone 2D5 reaches the 
upper end portion 210d of the tubular member 210. In this manner, the sudden release 
of pressure caused by the complete extmslon of the tubular member 21 0 off of the 
expansion cone 205 can be minimized. In a prefened embodiment, the operating 
pressure is reduced in a substantialy lln^ir fashion from 100% to about 10% during 

the end of the extnj^ proo^ beginning when the expansion cone 205 Is within 
about S feet (ram completion of the extmslon process. 

Aitemativeiy. or in comblnalion, the wall thldmess of the upper end portion 
210d of the tubular member Is tapered in order to gradually reduce the required 
operating pressure for piBsticaily defomiing and radiaHy expanding the upper end 
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portion of the tubular meiflber. In this manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, or Inr combination, a shodk absorber is provkJed In the support 
member 225 In order to absorb the shock caused by the sudden releasa of pressue. 
5 The shock absorber nwy comprise, for example, any conventionai commerdaily 
available shock absorber, bumper sub, or jars adapted for use in weilbore operaikm. 

Alternatively, or In combination, an expansion cone catching stiucture is 
provided in the upper end portton 210d of the tubular member 210 in order to catch or 
at least decelerate the expanskxi oone 205. 

In a prefemad embodinrwnt, the apparatus 200 is adapted to minlmiw tensile, 
burst and friction effects upon the tubular nriember 210 during the expansfon process. 
These eHiKls win be depend upon the gedrhetry of the expansion cone 205, the 
materfai oompositton of the tubular member 210 and expansion cone 205, the inner 
diameter of the tubular member 21 0, the waU thtekness of the tubular member 210, the 
type of lubricant, and the yield strsngih of the tubular member 210. Ingeneral.the 
thicker the wail thickness, the smaller the inner diameter, and the greater the yield 
strength of the tubular member 210. then the greater the operating piessures required 
to exinide the tubular member 210 off of the expansion oone 205. 

For typical tubular members 210. the extruskm of the tubidar member 210 off tif 
the expamion oone 205 will begin when the pressure of the Mertor regkm 230 
reaches, for example, approximately 500 to 0.000 psi. 

During the extrusion process, the expanston cone 205 may be raised out of the 
expanded portion of the tubular member 210 at rates ranging, Ibr example, liom about 
OtoSfi/sec. In a prefenred embodiment, during the extniskm process, the expanskm 
oone 205 is raised out of the expanded portion of the tubular member 210 at rates 
ranging from about 0 to 2 Wsec In order to mlnimfas the time required for the expansion 
process while also permitting easy control of the expansion process. 

As mustrated in FIG. 9, once the extruston process is completed, the expansk)n 
cone 205 to removed from the weilbore 100. In a preferred embodiment. eRher before 
w after the renwval of the ex(»nsk)n cOTie 205, the Integrity of the fluMIc seal of the 
overlapping Joint between the upper end portton 210d of the tubular member 210 and 

the kMfsr end portton 1 15a of the preexisling weilbore oeing 1 15 is tested using 
oonvenOonal methods. 

In a preferiBd embodiment, if theflukfic seal of the overlapping joint between 
the upper end portton 210d of the tutMdar member 210 and the toMer end portton 1 15a 
of the casing 1 15 is satisfactory, then^ any uncuned portton of the material 255 wHhin the 
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expanded tubular member 21 0 is then removed in a oom«mional manrter such as. for 
example, circulating the uncured material out of the Interior of the expanded tubular 
member 210. The expansion cone 205 is then pulled out of the weDbore section 130 
and a driU bit or mDI Is used in combination with a conventional drilling assembly to drill 
out any hardened materiai 255 within the tubular member 210. in a preferred 
embodiment, the materiai 255 within the annular region 260 is then allowed to ftjily 
cure. 

As illustrated in FIG. 10. the bottom portion 215c of the shoe 215 may then be 
removed by drilling out the bottom portion of the shoe using conventional drilling 
methods. The wellbore 100 may then be extended in a conventional manner using a 
conventional drffllng assembly. In a prelened embodiment, the inside diameter of the 
extended portion of the wellbore 100 is greater than the inside diameter of the radially 
expanded shoe 215. 

As niustrated In no. 11. the method of FIGS. 1-10 may be repeatedly 
15 Peffomied In order to provide a monoKiianieterweHboie casing that includes 

overiapping weliboie casings 115 and 210a-210e. The wellbore casing 115. and2T0a- 
210epreliBrably Include outer annular teyersoffluidlc sealing material. Alternatively, 
theouterannularlayersoflluidlcseallngmatBrialmaybeofnIIIed. m this manner, a 
mon<Hfiameter wellbore casing may be fonned within the subterranean fomiation that 
extends for tens of thousands of feet More generally stOi. the teachings of FIGS. 1-1 1 
may be used to fomi a moncHiiameter wellbore casing, a pipeHne. a structural support, 

or a tunnel within a subtenanean formation at any orientation iTom the vertical to ^ 
horizontal. 

In a prsfened embodiment, the fonmation of a mono-diameter weHbore casing, 
as illustrated In FIGS. 1-11. is further provided as disclosed In one or mor^oflhe 
following: (1) U.S. patent application serial no. 08/454.139. attorney dodce! no. 
25791 .03.02. filed on 12/3/1999. (2) U.S. patent application serial no. 09/510.913. 
attorney docket no. 25791 .7.02. filed on 2/23/2000. (3) U.S. patent application serial 
na 0a«02.350. attorney docket no. 25791 .8.02. fOed on 2/10«S)00. (4) U:S. patent 
application serial no. 09/440,338. attomey docket no. 25791.9.02. filed on 1 1/15/1999. 
(6) U.S. patent appHcatkm serial na 09/523.460. attomey docket no. 25791 .1 1 .02. fBed 
on 3/1(V2000, (6) U.S. patent appflcation seriai no. 09ei2395. attomey docket no. 
25791.12.02. filed on 2«4«000. (7) U.S. patent applteatton serial no. 09«1 1 .941 . 
attorney docket no. 25791.16.02. filed on 2I24I2O00, (8) U.S. patent applcatlon serial 
no. 08/588.946. attorney docket no. 25791.17.02. filed on emzoOO, (9) U.S. patent 
appHcatkm serial no. 09«59.122. attorney docket no. 25791.23.02. filed on 4/26/2000. 
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(10) PCT patent application serial no. PCT/USOO/18635. attorney docket no. 
25791.25.02. filed on 7/9^000. (11) U.S. provisional patent application serial no. 
60/162,671. attorney docket no. 25791,27, filed on 11/1/1999. (12) U.S. proviskmal 
patent application serial no. 60/154.047. attorney docket no. 25791 .29. filed on 
9/16/1999. (13) U.S. provisional patent appHcatton serial no. 60/159,082, attorney 
docket no. 25791.34. filed on 10/12/1999. (14) U.S. provisional patent applicatkm serfal 
no. 60/159,039, attorney docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
proviskjnai patent appficatwn serial no. 60/159,033. attorney docket no. 25791 .37, filed 
on 10/12/1999, (16) U.S. provisional patent application serial no. 60/212.359. attorney 
docket no. 25791.38. filed on 6/19/2000. (17) U.S. provlstonal patent applicatk)n serial 
no. 60/165.228. attorney docket no. 25791.39. filed on 11/12/1999. (18) U.S. 
proviskmal patent appiicatton serial na 60/221.443. attorney docket no. 25791.45, filed 
on 7/28/2000. (19) U.S. provisk)nal patent appikatton serial no. 60/221 ,645. attorney 
docket no. 25791.48. filed on 7/28«000. (20) U.S. provbkmi patent appiicatton serial 
no. 60/233.638. attorney docket no. 25791.47, filed on 9/ia«000. (21) U.S. proviskmal 
patent appHcatkm serial no. 6W237,334, attorney docket no. 25791.48. filed on 
10/2/2000. and (22) U.S. proviskmal patent appiteatton serial na 60/262.434, attorney 
docket na 25791.51, filed on 1/17/2001, the disctosures of which are incorporated 
herein by reference. 

Referring to FIGS. 12, 12a. 12b, 12c, and 12d, in an alternative embodiment, an ' 
apparatus 300 for forming a mono-diameter welibore casing is posittoned vidlhln the 
vkfellbore casing 1 15 that is substantially kfentical In design and operatton to the 
apparatus 200 except that a shoe 305 is substituted fior ttte shoe 215. 

In a prefenred embodiment, the shoe 305 includes an upper portion 305a. an 
intermediate portton 305b, and a kwver portton 305c having a valveable fluid passage 
310 that is preferably adapted to receive a plug, dart, or other similar element for 
controllably sealing the fkiM passage 310. In this manner, the fluW passage 310 may 
be optimally sealed off by Introducing a plug, dart and/or ball sealing elements Into the 
flukf passage 310. 

The upper and tower portkms. 305a and 305c of the shoe 305 are pr^rably 
substantially tubular, and the intemwdiate portton 305b of the shoe includes 
oorrugattons 305ba-305bh. Furthemnore. in a prefiBiTed embodiment, when the 
intemradiate portton 305b of the shoe 305 is radially expanded by the appiicatton of 
fluM pressure to the interior 315 of the shoe 305, the InsMe and ouiskle diameters of 
the radiaUy expanded intomnedbte portton are preferably both greater than the hiskto 
and outsUediametere of the upper and tower porttons, 305a mdSOSa In this manner. 
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the outer circumference of the intermediate portion 305b of the shoe 305 Is preferably 
greater than the outer drcumfeiences of the upper and lower portions. 30Sa and 305c 
of the shoe. 

In a preferred ernbodirnent the shoe 305 further Irwdudes one or nwre through 
and side outlet ports in fluidic communication with the fluid passage 310. In this 
manner, the shoe 305 optimaiiy injects haidenabie fluidic sealing material into the 
region mitside the shoe 305 and tubular member 210. 

In an alternative embodiment, the flow passage 310 Is omitted. 

In a preferred embodiment, as illustrated in FIGS. 12 and 1 2d. during 
placement ofihe apparatus 300 within the weilbore 100. fluidic materials 250 within the 
weDbore that are displaced by the apparatus are conveyed through the fluid passages 
310. 205a, 225a. and 22Sb. In this manner, surge pressures created by the placement 
of the apparatus witNn the weilbore 100 are reduced. 

Ir> a prefaned embodiment, as Oiustraled in FIG. 13 and 13a. the fluid passage 

225b Is then closed and a harder»ble fluWIc sealing material 256 is then pumped from 
asurfacelocaHonlntolhefluldpa88age8225a and 205a. The material 255 then 

passes from the fluid passage 205a Into the interior region 31 5 of the shoe 305 bel^ 
the expansion cone 205. THematailal 255 then passes from the Interior region 315 
into the fluid passage 310. The material 255 then exits the apparatus 300 and fills the 
annular region 260 between the exterior of the tubular member 210 and the interior wall 
ofthenewsectioniaOoftheweflborelOO. Continued pumping ofthe material 255 
causes the material to fill up at least a portion of the annular region 260. 

The material 255 is preferably pumped into the annular region 260 at pressures 
and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1.500 
ganons/mln. respectlvaiy. The optmurti flow rate and operating pressures vary as a 
function of the casing and welibore sizes, weilbore section length, available pumping 
equipment, and fluid properties ofthe fluidic material being pumped. The optimum flow 
rate and operating pressure are preferably detemiined using conventional empirical 
methods. 

The hardenabis fluidic sealing material 255 may be any number of conventional 
oommerdaBy available hardenable fluidic sealing materials such as. for example, slag 
mix. oemenl. latex or epoxy. In a preferred embodiment, the hardenable fluidic sealing 
material 255 is a blended cemert prepared spedflcally for the particular v»(e« section 
being drilled from Halliburton Energy Sen/ices in Dallas, TX In order to provide optimal 
support for tubular member 210 while also maintaining optimum flow characteristics so 
as to mWmtoe difleutlles during the displacenient of cement in the annular region 280. 
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The optimum blend of the blended cement is preferably detemiined using conventional 
empirical methods. In several alternative embodiments, the hardenable fluidic sealing 
material 255 is compressible before, during, or after curing. 

The annular region 260 preferably is fUied with the material 255 in sufficient 
quantities to ensure that, upon radial expansbn of the tubular member 210. the annular 

region 260 of the new section 130 of the WBllbore 100 vwHI be filled v»lth the 
255. 

In an alternative embodlnwnt. the injection of the material 255 into the annular • 
region 260 is omitted. 

As inustratad in FIGS. 14 and 14a. once the annular region 260 has been 
adequately filled with the material 255. a plug 265. or other similar device. Is introduced 
into the fluid passage 310. thereby fluididy isolating the Interior region 315 from the 
annular region 260. In a preferred embodiment, a non4iardenable fluidic material 270 
Is then pumped into the nterior region 315 causing the Interior region to pressurize. In 
this manner, the Interior region 315 will not contain significant amounts of the cured 
material 255. This also reduces and simplifies the cost of the entire process. 
AlternativBly. the material 255 may be used during this phase of the process. 

As Uiustraled In FIG. 15. in a prafened embodiment, the continued injection of 
the fluidic material 270 pressurizes the region 315 and unfolds the com«ations 305ba- 
305bh of the Intermediale portion 305b of the shoe 305. In a preferred embodiment. 

the outside diameter of the unfolded Intermediate portion 305b of the shoe 305 Is ' 
greater than the outside diameter of the upper and lower portions. 305a and 305b. of 
the shoe. In a prefened embodiment, the inside and outeide diametare of the unfolded 
Intemriediate portion 305b of the shoe 305 are greater than the-inside and outeide 
diameters, respectively, of the upper and lower portions. 305a and 305b. of the shoe. 
In a preferred embodiment, the Inside diameter of the unfolded intermediate portion 
305b of the shoe 305 is substantially equal to or greater than the Inside diameter of the 

preexisting casing 305 in order to optimize the formation of a monoKJiariieter WBlIb^ 
casing. 

As iOustrated In FIG. 16. in a preferred embodiment, the expansion cone 205 is 
then lowered Into the unfolded intennedlate portion 305b of the shoe 305. Ina 
prafened embodiment, the expansion cone 205 is lowered into the unfolded 

intennedlate porflon 305b of the shoe 305 untn the bottom of the expanston cone Is 
proximate the tower portion 305c of the shoe 305. in a preferred embodiment, during 

the lowerlig of the expansion cone 205 Into the unfbWed Interiiirtiate portion 
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the shoe 305, the material 255 within the annular region 280 maintains the shoe 305 In 
a substantially stationary position. 

As illustrated In FIQ. 17. in a prefBrred embodiment, the outside diameter of the 
expansion oone 205 is then increased. In a preferred embodiment, the outside 
diameter of the expansion cone 205 is increased as disclosed In U.S. patent nos. 
5,348,095. and/or 6.012,523. the disclosures of which are Incorporate herein by 
reference. In a preferred embodiment, the outside diameter of the radially expanded 
expansion oone 205 is substantially equal to the inside diameter of the preexisting 
weilborBca^llS. 

In an altentative embodiment, the expanskxi cots 205 is not lowered into the 
radially expanded portion of the shoe 305 prior to being radially expanded. Inthls 
manner, the upper portion 305c of the shoe 305 may be radially expanded by the radial 
expansion of the expansion oone 205. 

In another aKemative ernbodiment, ttie expansion oone 205 is not radially 
expanded. 

As lUustratBd In FIQ. 18. In a preferred embodiment, a fluidic material 275 is 
then l!\jectad Into thermion 315 throt^htf» fluid passages 22Sa and 205a. Ina 
prellaired en*odln»ent, once the Interior region 315 becomes sullied 
the upper portion 305a of the shoe 305 and the tubular member 210 are preferably 
plastically deformed, radially expanded, and extruded off of the expansion cone 205. 
Furthemwre, In a preferred embodiment, during the isnd of the radial e)4)anslon 
process, the upper portion 210d of the tubular member and the kMer portion of the 
preexisting casing 1 1 5 that overlap with one another are simultaneously ptesHcally 
deformed and radially expanded. In this manner, a mono^lameter weilbore casing 
may be fbnned that Includes the preexsting weilbore eating 115 and the radldy 
expanded tubular member 210. 

During the extnjsion process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210. in e prefened embodiment, during the 
exlnision process, the expansion cone 205 is raised at approximatBly the same rate as 
the tubular member 210 is expanded in enter to l(eep the tubular member 210 
stationary relative to the new weilbore section 130. In this manner, an overlapping joint 
between the radially expanded tubular member 210 and the lower portion of the 
preexisling casing 115 may be opHmally fbnned. In an aRematlve prefened 
embodiment, the ejqjansion oone 205 Is inainiained in a stationary position during the 
extnjsion process thereby allowing the tubular member 210 to extnjde off of the 
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expansion cone 205 and into the new welibore section 130 under the force of gravity 
and the operating pressure of the Interior region 230. 

In a preferred embodiment, when the upper end portion 210d of the tubular 
member 210 and the lower portion of the preexisting casing 115 that overlap with one 
5 another are plasticany defonned and radially expanded by the expansion cone 205. the 
expansion cone 205 is displaced out of the welibore 100 by both the operating 
pressure vwthln the region 230 and a upwardly dlrecied axial force applied to the 
tubular support member 225. 

The overlapping joint between the lower portion of the preexisting casing 115 
0 and the radlally expanded tubular member 210 preferably provides a gaseous and 
fluldic seal. In a partlcularty preferred embodiment, the sealing membere 245 optimally 
provide a fluldic and gaseous seal In the oveHappIng Joint In an alternative 
errtodiment. the sealing members 245 are omittad. 

In a preferred embodiment. the operating pressure and flow rate of the fluldic 
5 nraterlal 275 Is a)nlrollably ramped down when the expansion cofie 205 reaches ttie 
upper end portion 210d of ttie tubular member 210. In this niarmar. the sudden release 
of pressure caused by the complete extruston of the tubular member 210 off of the 
expansion cone 205 can be minimized. In a prefenad embodiment, the operating 
pressure Is reduced in a substantially Hnear fashion from 100% to about 10% during 

) »he end of the extnision process beglnnihgvijhen the expansion cone 205 is virtthin 
about 5 feet from compteHon of the exlnBton procew. 

Alternatively, or in combination, the waH thldmss of the upper end portion 
210d of the tubular member is tapered In order to gradually reduce the required 
operating pressure for plastically defbnning and radially expanding the upper end 

► portion of the tubular member, in this nrMnner,8hoclc loading of the apparatus may be 
at least partially minimteed. 

AltemativBly, or in combination, a shock absorber Is provided in the support 
member 225 in order to absorb the shock caused by the sudden release of pressure. 
The shock absortter may comprtee. for example, any conventional commercially 
' available shock absorber adapted fior use in welibore operations. 

Alternatively, or fei combination, an expansion cone catching structure Is 

provWed In the upper end portion 210d of the tubular member 210 In order to catch or 
at least decelerate the escpanslon cone 205. 

In a prsfiBrTed embodiment, the apparatus 200 Is adapted to minimize tensile, 
burst, and friction effects upon the tubular niember 210 during the expanse 
These effects will be depend upon the geometry of the expansion cone 205. the 
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material composition of the tubular meml)er 210 and expansion cone 205, the Inner 
diameter of the tut>ular menritwr 210. the wall thickness of the tutelar meml)er 210, the 
type of lubricant, and the yield strength of the tubular member 210. In general, the 
thicker the wall thickness, the smaller the inner diameter, and the greater the yield 
5 strength of the tubular nrwmber 21 0, then the greater the operating pressures required 
to extrude the tubular member 210 off of the expansion cone 205. 

For typical tubular members 210, the extnjsion of the tubular member 210 off of 
the expansion cone 205 will begin when the pressure of the interior regkm 230 
reaches, for example, approximately 500 to 9.000 psi. 

10 During the extn^n process, the expansion cone 205 may be raised out of the 

expanded portion of the tutMJiar member 210 at rates ranging, for example, from about 
0 to 5 n^sea In a preferred embodiment, during the extnision process, the expansion 
cone 205 is raised out of the mpanded portion of the tubular meniier 21 0 at rates 
ranging from about 0 to 2 ftfeec in order to minimize the time required fbr the expansion 

15 process wMIe also pemritUng easy control of the expansion process. 

As illustrated in FIG. 19. once the extruskm prxess is completed, the 
expansion cone 205 is ramovad from the wellbore 100. in a pfefsrrsd embodiment, 
either before or after the removal of the mpanston cone 205, the integrity of the fluldic 
seal of the overtapping Joint between the upper end portton 210d of the tubular member 

20 210andthek>werendportk)n115aofthepreexistingwellboracasing115istested 
using conventional methods. 

In a prefened embodiment, if the fluldic seal of the overtapping Joint b^ween 
the upper end portion 21 Od of the tubidar member 210 and the lower end portion 1 15a 
of the casing 115 is satisfectory. then any uncursd portion of the material 255 within the 
25 mpanded tubular member 210 is then renraved in a conventional manner siKh as. fbr 
example, circulating the uncured material out of the interior of the expanded bibular 
member 210. The expanskMi cone 205 is then pulled out of the wellbore section 130 
and a drfll bit or mill is used in comblnatton with a convenfa'onal drilling assembly to drill 
out any hardened material 255 within the tubular member 210. inaprefened 

30 embodbnent. the material 255 within the annular region 260 is then aDowed to fully 
cure. 

As Illustrated in FiG. 20. the bottom portton 305c of the shoe 305 may then be 
removed by drHling out the bottom portion of the shoe using oonventtonal drillbig 
methods. The wellbore 100 may then be extended in a conventional manner using a 
35 conventtonaldriHbfig assembly. In a prefarred embodiment, the inside diameter of the 
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extended portion of the wellbore is greater than the inside diameter of the radially 
expanded slioe 305. 

The method of FIGS. 12-20 may be repeatedly performed in order to provide a 
moncHllameter wellbore casing that includes overlapping wellbore casings. The 
overlapping wellbore casing preferably include outer annular layers of fluWic sealing 
material. Alternatively, the outer annular layers of fluidic sealing material may be 
omitted. Inthismanner.anriono^JiametervwIlborecaslngrnaybefbrmedwIthinthe 
subterranean fbnmation that extends for tens of thousands of feeL More generally still, 
the teachings of FIGS. 1 2-20 may be used to form a moncHliameter wellbore casing, a 
pipeline, a struchiral support, or a tunnel within a subterranean fbnnatlon at any 
orientation from the vertlcai to the horizontal. 

In a prefonred embodiment, the fbrmatipn of a mono<liametBr wellbore casing, 
as illustrated in FIGS. 12-20. is further provided asdlsdosed in one or more of the 
following: (1) U.S. pataht application serial no. 0aM54.139. attorney docket no. 
15 25791.03.02. filed on 12/3A1990. (2) U.S. patent application serial no. 00/510.913. 
attorney docket no. 25791 .7.02. filed on 2/2312000. (3) U.S. patent applleatton serial 
no. 09«02.350. attorney docket r». 25791.8.02. fiisd on 2/1W2000. (4) U.S. patent 
application serial no. 0a«40.338, attorney docket no. 25791.9.02, filed on 11/15/1999. 
(5) U.S. patent appT^ation serial no. 09/523.460. attorney docket no. 25791.11.02. filed 
» on 3/1 W2000, (6) U.S. patent appilcatton serial no. 00512.895. attorney docket no. 
25791.12.02. filed on 2/24/2000. (7) U.S. patent appDcatton serial no. 09/511.941. 
attorney docket no. 25791.16.02, filed on 2C4/2000. (8) U.S. patent appitoatton serial 
no. 09/588,946. attorney docket no. 25791.17.02. filed on 6/7/2000, (9) U.S. patent 
appilcatton serial no. 09/559.122. attorney docket no. 25791.23.02. fited on AaV2000. 
15 (10) PCT patent appilcatton serial no. PCT/USOO/18635. attorney docket no. 
25791.25.02. filed on 7f9f2000. (11) U.S. provistonal patent appUcation serial no. 
60/162.671. attorney docket no. 25791.27, fited on 11/1/1999. (12) U.S. provistonal 
patent appTicatton serial no. 60/154,047. attorney docket na 25791 .29, filed on 
9/16/1999. (13) U.S. provistonal patent appHcation serial no. 60/159.082. attorney 
0 docket na 25791.34. fited on 10/12/1099. (14) U.S. provistonal patent application serial 
no. 60/159.039. attorney docket no. 25791.36. fited on 10/12/1999. (15) U.S. 
provistonal patent appficatton serial no. 60/159.033. attorney docket na 25701.37. fited 
on 10/12/1999, (16) U.S. provbtonal patent applcatton serial no. 6W212.359. attorney 
docket no. 25791.38. filed on 6/10«000. (17) U.S. provtetonai patent applcatton serial 
5 no. 60/165.228. attorney docket na 25701.39. fited on 11/12/1909, (18) U.S. 

provbtonal patent applcatton serial no. 60C21.443. attorney docket no. 25791.45. filed 
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on 7/28/2000. (19) U.S. provisional patent application serial no. 60«21,645, attorney 
docket no. 25791.46. filed on 7/28/2000, (20) U.S. provisional patent application serial 
no. 60/233.638. attorney docket no. 25791.47. filed on 9/18«0OO. (21) U.S. provisional 
patent application serial no. 60/237.334, attorney docket no. 25791 .48, filed on 
5 IQQ^KX). and (22) U.S. proviskxial patent application sartal no. 60/262,434. attorney 
docket no. 25791.51. filed on 1/17/2001. the disdosures of which bib incorporated 
herein liy reference. 

In several alternative emixxliments, the apparatus 200 and 300 are used to 
form and/or repair welltiore casings, pipelines, and/or structural supports. 
10 In several alternative emlwdiments. the foMed geometries of the shoes 215 and 

305 are provided In accordance with the teacNngs of U.S. Patent Nos. 5,425,559 

and/or 5.794.702, the disctosures of whteh are incorporated herein by reference. 

An apparatus fi9r fbnning a wellbore casing in a Iwrehote tocated in a 
subtenanean formation induding a preexisting welit)ore casing has been described that 
15 Includes a support member Including a first flua passage, an expansion cone coupled 
to the support member including a second fluM passage fluididy coupled to the first 
fluki paK^e, an ex|»Kiab!e tubular Oner movably coupled to the e)9>ansion cone, and 
an expandabte shoe coupled to the expandable tubular Gner. In a prBferved 
embodiment, the expanskm cone is expandable. In a prefened embodiment, the 
expandable shoe indudes a valveable flukJ passage for contrdling the flow of fluMIc 
materials out of the expandable shoe. In a prefened embodiment, the expandable 
shoe includes: an expandabfe porthm and a remaining portkxi, whei^ln the outer 
drcumfwence of the expandable portkm is greater than the outer drcumfermoe of the 
remaining portion. In a prefened embodiment, the expandable portion Indudes: one or 
more inward folds. In a prefened embodiment, the expandable portfon Includes: one or 
more comjgatkxis. In a preferred embodiment, the expandable shoe Indudes: one or 
more inward foWs. In a preferred errdwdiment, the expandabte shoe indudes: one or 
rmre oonugaUorts. 

A shoe has also been described that indudes an upper annuter portion, an 
Intenmedlate annular portton, and a kwver annular portfon, wherein the intermediate 
annular portkm has an outer drcumference thet is terger than the outer drcumferBnces 
of the upper and kiwer annuter porttens. In a prefened embodiment, the k3wer annuter 
portion indudes a valveabte fluid passage for oonboHIng the flow of flukJic materiate out 
oftheshoe. In a prefened enribodiment. the hteimediate portton Indudes one or inorB 

Inward fokte. In a preferod embodhient, the Intennedtete portton Indudes one or rnoiB 
con u g a ttorw. 



24 



A method of forming a wellbore casing In a subtenanean Ibmiatkm having a 
preexisting wellbore casing positioned In a borehole has also been described that 
includes hstaiiing a tubular Uner. an expansion cone, and a shoe in the borehole, 
radially expanding at least a portion of the shoe by injecting a fiuldic material into' the 
shoe, and radially expanding at least a portion of the tubular liner by injecting a fiuldic 
material Into the borehole below the expansion cone. In a preferred embodiment, the 
method further includes radtally expanding the expansion cone. In a prefened 
embodiment, the method further Includes lovvering the expansion cone into the radially 
««panded portion of the shoe, and radially expanding the expansion cone. In a 
preferred embodiment, the method further includes radially expanding at least a portion 
of the shoe and the tubular liner by injecting a iluidic material Into the borehole below 
<he radially expanded expansion cone. In a prefisiTed embodiment, the method further 
includes injecting a hardenaUe fluidio sealing material into an annulus between the 
tubular liner and theborehole. In a prefarred embodiment, the method further includes 
radiaHyexpanding at least a portion of the preexisting wellborecasing. in a preferred 
embodiment, the method further includes overtapping a portion of the radiaily 

expanded tubular liner with a portion of the preexisting wellbore casing. Inaprefened 
embodiment, the inside diameter of the radiaily expanded tubular liner is subslantiaily 
equal to the inside diameter of a nonoveriapphg portion of the preexisting wellbore 
casing. In a prefened embodiment, the method further includes applying an axial force 
to the expansion cone, in a pref^ned embodiment, the inside diameter of the radtally 
expanded shoe is greater than or equal to the Inside diameter of the radiaily expanded 
tubular liner. 

An apparatus for forming a wellbore casing in a subtenanean fbmiation having 
a preexisting wellbore casing positioned in a borehole has also been described that 
irKiudes means for InstalBng a tubular liner, an expansion cone, and a shoe in the 
borehole, means for radially expanding at least a portion of the shoe, and means for 
radiaily expanding at least a portion of the tubular liner, in a preferred embodiment, the 
spperatus further includes means for radially expanding the expansion cone. In a 

piefened embodiment, the apparatus further Includes meens for lowering the 
expansion cone into the radially expanded portion of the shoe, and means for radialy 
expanding the expansion cone. In a prBfefrBdembodtaient.lhe apparatus further 
inchides means for Ir^ecting a fiuldic material into the borehole below the radiaily 
expanded expansion cone, in a prefened embodiment, the apparatus further Includes 
means for injecting a hardenable fiuldic sealing material Into an annulus between the 
tubular fner and the borehole. In a preferred embodiment the apparatus fkjrther 
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Includes irwans for radially expanding at least a portion of ttie preexisting weilbore 
casing. In a preferred wnlxxliment, the apparatus further includes means for 
overlapping a portion of the radially expanded tubular Kner with a portion of the 
preexisting weilbore casing. In a preferred embodiment, the Inside diameter of the 
radially expanded tubular Oner is substantially equal to the Inside diameter of a 
nonoverlapping portion of the preexisting weilbore casing. In a preferred embodiment, 
the apparatus further includes means for applying an axial force to the expansion cone. 
In a pretened embodiment, the Inside diameter of the radially expanded shoe is gr«ater 
than or equal to the inside diameter of the radially expanded tubular liner. 

An apparatus for forming a weilbore casing within a subterranean formation 
Including a preexisting weilbore casing positioned In a borehole has also been 
described that includes a tubular liner and means for radially e)q>andlng and coupling 
the tubular ilner to an overlapping portion of the preexisting weilborB casing. The 
Inside diameter of the radially ejqpanded tubular Oner is substantially equal to the inside 
diameter of a non^weriapplfig portion of the preexisting weilbore casing. 

A weilbore casing positioned in a borehole within a subterranean fbrmation has 
also been described that Includes a first weilbore casing and a second weilbore casing 
coupled to and overiapping with the first weilbore casing, wherein the second weilbore 
casing is coupled to the first w^xm casing by the process ol: installing the second 
weilbore casing, an expansion cone, and a shoe in the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material Into the shoe, and radially 
expanding at toast a portion of the second weilbore caslr^ by h^ecting a fluidic material 
Into the borehoto below the expansion cone. In a prefened embodiment, the process 
for fonning the weilbore casing further indudes radiaHy expanding the expansion cone, 
in a preferred embodiment, the process for forming the weilbore casing further includes 
lowering the expansion cone into the radially expanded portion of the shoe, and radlaSy 
expandhg the expansion cone. In a prefened embodiment, the process for fwming the 
weilbore casing further includes rBdIally expanding at toast a portion of the shoe and 
the second weilbore casing by injecting a fluidic material into the borehole below the 
radially expanded expanston cone. In a preferred embodiment, the process for fonning 
the welbore casing further includes lri|ecting a hardenabto fUAlic sealing material Into 
an amulus between the second weilbore casing and the borehoto. In a preferred 
embodlnwnt, the process fM- fonning the weilbore casing fiither includes ^ 
expanding at toast a portion of the first weilbore casing, in a prefened embodiment, 
the process for fanning the weilbore casing further Indudes overiapping a portion of the 
radtaliy expanded second vvelbore casing vvRh a portion of the first vvettwrecas in 
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a pretened embodiment, the inside diameter of the radtolly expanded second wenbore 
casing Is substanHaliy equal to the inside diameter of a nonovertapping portion of the 
fiFSlwellbore casing. In a pretened embodiment, the process for forming the «elIbore 
easing further includes applying an axial force to the expansion cone. In a prefened 
embodiment, the Inside diameter of the radially expanded shoe Is greater than or 'equal 
to the insida diameter of the radially expanded second wellbore casing. 

A method of fomiing a tubular structure in a subtenanean formation having a 
preexisting tubular member positioned In a borehole has also been described that 
Includes instaning a tubular Knar, an expansion cone, and a shoe In the borehole, 
tadlally expanding at least a portion of the shoe by injecting a fluidic material Into the 
shoe, and ladialy expanding at least a portion of the tubular liner by Injecting a fluidic 
material inlotheboreholabelo^rtheexpanslon cone. In a ptefened embodiment, the 
method further Includes radially expanding the expansion cone. InaprBtaned 
embodiment, the method further includes lowering the expansion cone intothe radially 

expanded portionofthe8hoe.andradlallyexpandingtheexpan8loncone. Ina 
prefened embodiment, the method further includes radiaHy «cpandlng at least a portion 

of the shoe and the tubular liner by InjecBfig a fluidic material into the borehde brt^ 
the radially expanded expansion cone. Ina preferred embodiment, the method further 
Includes Injecting a hardenable fluidic sealing material into an annulus betmen the 
tubular liner and the borehole, in a preferred embodiment, the method further inciudes 
radlalV expanding at least a portion of the preexisting tubular member. In a preferred 
embodiment, the method further inciudes overiapping a portton of the radially 
expanded tubular linerwithaportlon of the preexisting tubuiarmember. Inaprefened 
embodiment, the Inside diameter of the radially expanded tubular liner Is substan^ 
equal to the Inside diameter of a nonovertapping portion of the preexisting tubular 
member. »n a prefened embodlnient. the method further includes applying 
fbroetotheexpansloncone. Ina preferred embodiment, the inside diameter of the 

radially expanded shoe is greater tlw or equal to the Inside diameter of the iBdlal^ 
expanded tubular Iner. 

An apparatus for fonrtng a tubular stmcture in a subtenanean fbimalfon having 
a preexisting tububr member poeittoned in a boreholB has also been described that 
includes means for installing a tubular Bner. an expanston cone, and a shoe In the 

borehole, means for rediaPy expanding at toast a portton of the shoe, and means fbr 
radially expanding at toast a portton of the tububr liner. In a pretened embodiment, the 
apparatusfurtherindudesmeansfbrradiaDyexpandingtheexpanstonoone. Ina 
prefened embodiment, the apparatus further includes means for loMiering the 
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expansion cone into the radiiiy expanded portion of the shoe, and means for radially 
expanding the expansion oone. In a preferred embodiment, the apparatus further 
includes means for injeding a fluidic material into the borehole below the radially 
expanded expansion cx)ne. In a preferred embodiment, the apparatus further Includes 
5 weans for injecting a hanJenable fluidic sealing material into an annulus between the 
tubular liner and the borehole, in a preferred embodiment, the apparatus further 
includes means for radblty expanding at least a portion of the preexisting tububr 
- member. In a prefened embodiment, the apparatus further includes means for 
overlapping a portion of the radially expanded tubular liner with a portion of the 

10 preexisting tubular member. In a prefened embodiment, the inside diameter of the 
radially expanded tubular Oner is substantially equal to the Inside dianoeter of a 
nonoverlapping portion of the preexisting tubular member. In a preferred embodiment, 
the apparatus further Includes means for applying an axial force to the expansion cone, 
in.a preferred embodiment, the inside diameter of the radially expanded shoe is greater 

1 5 than or equal to the inside diameter of the radially expanded tubular liner. 

An apparatus for fomiing a tubular structure within a subterranean formation 
Including a preexisting tubular member positioned in a borehole has also been 
described that includes a tubular liner and means for radially expanding and coupling 
the tubular liner to an overlapping portton of the preexisting tubular nnmiber. The 

20 inside dtenmter of the radlaHy expanded tubular liner is substenUally equal to the Inside 
diameter of a nonnivertapping portion of th0 preexisting tubular membeir. 

A tubular structure positioned in a borehole within a subterranean fbnnalton has 
also been described that Includes a first tubular member and a second tubular member 
coupled to and overlapping virith the first tubular member, wherein the second tiAutar 

25 member is coupled to the first tubular member by the process of: insteliing the second 
tubular member, an expansion oone. and a shoe in the borehole, redl&ily expanding at 
least a portion of the shoe by injecting a fluidic material into the shoe, and radiaRy 
expanding at least a portion of tfie second tubular member by Injecting a fluidic material 
into the bor^ole below the expansion cone. In a preferred embodiment, the process 

30 for fonmlng the tubular stmcture further includes radially expanding the expansion cone, 
in a prefenred embodiment, the process for forming the tubular stnjcture further 
includes lowering the ^(pansion cone into the radially expanded portion of tte shoe, 
and radially expanding the expansion cone. In a preferred embodiment, the process 
for formhg ttie tubular stnidure further Includes radial^ expanding at least a portton of 

35 the shoe and the second tubular member by ir>|eding a fluidic matertat into ttie 

borehole below the radially expanded e)q»n8lon cone. In a preferred Embodiment, ttie 
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process for forming the tubular structure further includes injecting a hardenable fluidic 
sealing material into an annuius between the second tubular member and the borehole, 
in a prefened embodiment the process for forming the tubular structure further 
includes radially expanding at least a portion of the first tubular member. In a preferred 
5 embodiment, the process for tom\r\g the tubular stnjcture firther includes overlapping 
a portion of Vhe radiaDy expanded second tubular member with a portion of the first 
tubular member. In a preferred embodlnr)ent the inside diameter of the radially 
expanded second tubular member is substantially equa( to the inside diameter of a 
nonoverlapping portion of the first tubular number. In a prefemed embodiment, the 

10 process for fomning the tubular structure further includes applying an axial force to the 
expansion cone. In a prefened embodiment the inside diameter of the radially 
expanded shoe is greater than or equal to the inside diameter of the radially expanded 
second tubular member. 

Although illustrative embodiments of the invention have been shown and 

15 described, a wide range of modification, changes and substitution b contemplated in 
thefioregolngdisclosurs. In some Instances, some features of the present invention 
may be employed without a oorrespondir^ use of the other features. According^, It is 
appropriate that the appended claims be construed broadly and in a manner consistent 
with the scope of the invention. 
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1. A tubular slnjcturepc^tioned in a borehole withh 
oomprteing: 

5 a first tubular memben and 

a second tubular member coupled to and overiapping with the first tubular 
member 

wherein the second tubular member is coupled to the first tubular member by 
the process of: 

10 Installing the second tubular memt)er, an expansion cone, and a shoe that 

defines an Interior region for containing fluidic materials in the borehole; 

radially expandir)g at least a portion of the shoe by irijecting a fluidic material 
into the Interior ragton of the shoe; and 

radially expanding at least a portion of the second tubuter memb«* by injecting 
15 a fluidic material into the borehole below the expansion cone. 

2. The tubular stnicture of daim 1 , wherein the process further comprises: 

radially expanding the expansion cone. 

20 3. The tubular structure of daim 1. wherein the process furthered 

lowering the expansion cone Into the radially expanded portion tH the shoe; and 
radially exparKilng the expansion cone. 

4. Thetubularstructureof claims, wherein the process further apprises: 

25 radially expanding at least a portion of the shoe and the second tubular member 

by Injecting a fluidic mstertel into the borehole below the radially expanded expanston 
cone. 

5. The tubular structure of daim 1 , wfiereln the process further comprises: 

30 injecting a hardenat>ie fluidic sealing material into an annulii® between the 

second tubuiar member and the borehole. 



6. Ttm tubular structure of daim 1. wherein the process further comprise: 
radially expanding at least a portion of the first tubular member. 

35 

7. The tubular structure of dahn 6, wherein the process furttor comprbes: 
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overlapping a portion of the radially exparKted second tubular member with a 
portion of the first tubular member. 

8. The tubular stnjclure of daim 7, wherein the Inside diameter of the radially 

5 expanded second tubiriarmerTri)er Is substantially equal to the Inskte diameter of a 
nonoverlapping portion of the first tubular member. 

9. The tubular structure of daim 6, wherein the process further con^rises: 
applying an axial force to the expansion cone. 

0 

10. The tubular structure of cUm 1, wherein the Inside diameter of the radially 
expanded shoe Is greater than or substantially equal to the Inside diameter of the 
radially expanded second tubular member. 
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Claims 

1 . An apparatus for forming a welibore casing in a borehole located in a 
subterranean fomnation Including a preexisting welibore caslngt oomprtshg: 

a support member including a first fluid pass^e; 
an expansion cone coupled to the suppcxt member including a secoiKl fluU 

passage fluMidy coupled to the first fluid passage; 
an expandable tubular liner movably coupled to the expansion cone; and 
an expandable shoe coupled to the expandable tubular liner. 

2. The apparatus of daim 1 . wherein the expansion cone is expandable. 

3. The apparatus of daim 1 , wherein the expandable shoe indudes a vatveable fluid 
passage for controlling the flow of fluidic matertals out of the expendable shoe. 

4. TTie apparatus ofdaiml. wherein the expandable shoe Indudes: 
an expandable portion; and 
a remaining portion coupled to the expandabte portion; 
wherein the outer drcumference of the expandable portion is greater than the 

20 outer drcumferenoe of the remaining portion. 

5. The apparati^ of daim 4, wherein the expandable portion indudes: 
one or more Inward folds. 

The apparatus of daim 4, wherein the expandable portion indudes: 
one or more oonrugations. 

The apparatus of daim 1, wherein the expandable shoe indudes: 
one or more inward folds. 

The apparatus of daim 1, wherein the expandable shoe includes: 
one or more oorrugations. 

0. A shoe, comprising: 
35 an upper annular portion; 

an intenmedlate annular portion coupled to the upper annular portion; and 
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a lo^r annular portion coupled to the tntermedlata poi^ 

wherein the intennediate annular portion has an outer drcumferenoe that is 

larger than the outer drcumferences of the upper and lower annular 

portions. 

5 

10. The shoe of daim 9, wherein the bwer annular portion indudes a va^ 
passage for oontrolling the flow of fluidic materials out of the shoe. 

1 1 . The shoe of daim 9, wherein the intermediate portion Indudes: 
10 one or rhore inward folds. 

12. The shoe of daim 9, wherein the intermediate portion includes: 
one or more corrugations. 

15 13. A method of forming a wellbore casing in a sutrterraneanfbrrnation having a 
preexisting weHbore casing positioned In a borehole, comprising: 

installir^ a tubular liner, an expansion cone, and a shoe in the bor^e; 
radially expanding at least a portion of the shoe by ir^ecUng a fluidic material 
Into the shoe; and 

20 radially expanding at least a portion of the tubular liner by inJecOng a fluidic 

material Into the borehole below the expansion cone. 

14, Themethodof daim 13, further comprising: 
radially expanding the expansion cone. 

25 

1 5, The method of daim 1 3, further comprising: 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

30 16. The method ofdalm 15, further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by ir^ecling 
a fluidic material into the borehole below the radially expancted 
expansion cone. 



35 17. 



The method of claim 13. further comprising: 
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Injecting a hardenable fluidic sealing material Into an annulus between the 
tubular liner and ttte borehole. 

18. The method of daim 13. further comprising: 

radially expanding at least a portion of the preexisting wellbore casing. 

1 9. The method of daim 1 B, further comprising: 

overtapping a portion of the radially expanded tubular liner with a portion of the 
preexlstir)g weHbore casing. 

20. The method of daim 19, wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to or greater than the inside dianieter of a 
nonoverlapping portion of the preexisting wellbore casing. 



15 21. The method oTdaim 18, further comprising: 
applying an axial force to the expansion cone. 

22. The method of daim 13, wherein the inside diameter of the radially expanded 
shoe Is greater than or substantially equal to the Inside diameter of the radially 

20 expanded tubular liner. 

23. An apparatus for forming a weilbofe casing In a subterranean formation having a 
preexisting wellbore casing positioned in a borehda, comprising: 

means for installing a tubular liner, an expansion cone, arvl a shoe in the 
25 borehole; 

means for radially expsmding at least a portion of the shoe by Injecting a fluidic 

material into the shoe; and 
means for radially expanding at least a portion of the tubular liner t>y injecting a 
flifldic material into the borehole below the expansion oone. 

30 

24. The apparatus of daim 23, further comprising: 
means for radially expanding the expansion cone. 

25. Theapparatuscf daim 23, further comprising: 

35 .means for lowering the expansion cone into the racfiaRy expanded portion of the 

shoe; and 
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means for radially expanding the expand cone. 



26. The apparatus of daim 25. further comprising: 

means for Injecting a fluWic material Into the tiorehoie l>elcnv the radially 
expanded expansion cone. 

27 . The apparatus of daim 23, further comprising: 

means for injecting a hardenable fluidic sealing material into an annulus 
between the tubular Dner and the IxKehole. 

28. The apparatus of daim 23, furthw comprising: 

iroans for radially expantfing at least a portion of the preexisting vveHbora 
casing. 

29. The apparatus of daim 28. further comprising: 

means for overlapping a portion of the radially expanded tubular liner with a 
portion of the prendstir^ wellbore ci^ng. 

30. The apparatus of daim 29, wherein the Inside dtameter of the radially expanded 
tubular liner is sutstantiaily equal to the inside diameter of a nonoveriapping portion of 
the preexisting wePbore casing. 

31 . The apparatus of daim 28, further comprising: 
means for applyii^ an axial force to the expansion cone. 

32. Tlw apparatus of daim 23. wherein the inside diameter of the radially expanded 

shoe is greater than or substantially equal to the inside diameter of the radially 
expanded tubular liner. 

33. An apparatus for forming a weHborecasmg within a subterranean forination 
including a preexisting weHbore casing positioned in a borehole, comprising: 

a tubular Oner; and 

means for racflally expanding and coupling the tubular liner to an overtapping 
portion of the preexisting wdibors casing: 
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wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diapneter of a non-overiapping portfon erf 
the preexisting wellbore casing. 

5 34. A weiibore casing positioned in a borehole within a subterranean fonmation. 
comprising: 

a first wellbore casing; and 

a second wellbore casing coupled to and overlapping with the first wellbore 
casing; 

10 wherein the second wellbore casing is coupled to the first welibore casing by 

the process of: 

instatling the second wellbore casing, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 
15 matsrial into the shoe; and 

radially expanding at teast a portion of the second weffixm casing by 

Injecting a fluidic nraterial into the borehole below the expanston 

cone. 

20 35. The wellbore casing of clalni 34. wherein the process further ooni 
radi^ expanding the expansion cone. 

36. The wellbore casing of dalm 34, wherein the process further connprises: 
lowering the expansion cone into the radially expanded portton of tte shoe; and 

25 radlaBy expanding the expansion cone. 

37. The wellbore casing of daim 36, wherein the process further coniprises: 
radially expanding at least a portion of the shoe and the second weiibors casing 

by injecting a fluidic material into the borehole below the radially 
30 expanded expansion oone. 

38. The weObofe casing of daim 34, wherein the prooeea further comprises: 
injecting a tardenable fluUIc sealing matsrial into an annul w between the 

second wellbore casing and the borehole. 

35 

38. The welborB casing of dabn 34, wherein tt)e process further comprises: 
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radially expanding at least a portion of the first wellbore casing. 

40. TTie wellbore casing of dalm 39, wherein the process further comprises: 

overlapping a portion of the radially expanded second welibore casing with a 
portion of the first weilt>ore casing. 

41 . The wBliboFB casing of daim 40, wherein the inside diameter of the radially 
expanded second wellbore casing substantially equal to the inside diameter of a 
nonovertapping portion of the first welibore casing. 

42. The wellbore casing of daim 39, wherein the process further comprises: 
applying an axial force to the expanston cone. 

43. The wellbore casing of cteim 34, wherein the inside diameter of th^ 
expanded shoe is greater than or substantially equal to the inside diameter of the 
radially expanded second welibore casing. 

44. A method of fonnDing a tubular simcture In a subterranean formation having a 
preexisting tubular member positioned In a borehote, oomprishg: 

installing a tubular iiner. an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; and 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expansion cone. 

45. The method of daim 44, further comprising: 
radially expanding the expansion cone. 

46. The method of daim 44, further comprising: 

lowering the e}«>ansbn cone Into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

47. The method of daim 46, further comprising: 

radially expandhg at least a portion of the shoe and the tubular liner by Injecting 
a fhridic material into the borshde below the radUiy eixpanded 
expansion oone. 
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48. The method of daim 44, further comprising: 

injecting a hardenable fluidic sealing materiai into an annulus l)etween the 
tutxilar lino- and the borehole. 

5 

49. The method of daim 44, further comprising: 

radially expanding at least a portion of the preexisting tutnjtar member. 

50. The method of daim 49, further comprising: 

10 overlapping a portion of the radially expanded tubular liner with a portion of the 

prswdstlng tidnjlar member to provide a load bearing interface and a 
fluidic seal. 



51. The method of daim SO, wherein the Inside dianwtsr of the radially expanded 
15 tubular lineris substantially equal to the inside diameter of a nonoveriapping portion of 

the preexisting tubular member. 

52. The method (rf daim 49. further comprising: 
applying an axial force to the expansion cone. 

20 

53. The nrathod of daim 44, wherein the inside diameter of the radially expanded 
shoe Is greater than or substantiaiiy equal to the inside diameter of the radtelly 
expanded tU>ular liner. 

25 54. An ^)paratus for fonning a tubular stru^re in a subtenanean fbmiation Inving a 
preexisting tubular member positioned in a borehole, comprising: 

means for installing a tubular liner, an expansion oone. and a shoe in the 
borehole; 

means for radially expanding at least a portion of the shoe; and 
30 nwans for radiayyejqpanding at least a portton of the tubular liner. 

55. The apparatus of daim 54. further oomprisbig: 
means Ibr radialy expanding the expansion oone. 



35 56. The apparatis of d^ 54, ftjrther oom|Hising: 
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. means for lowering the expansion cone into the radially expanded portion of the 
shoe; and 

means for radially expanding the expansion obne. 

5 57. The apparatus of claim 56, further comprising: 

means for Injecting a fluldlc material into the borehole below the radially 
expanded expansion cone. 

58. The apparatus (rfdaim 54, further comprising: 

10 means for Injecting a hardenabie fluidic sealing material Into an annulus 

between the tubular liner and the borehole. 

59. The apparatus of daim 54. further comprising: 

rneans for radially expanding at ies^ a portton of the preexisting tub^^ 
15 member. 

60. The apparatus of dalm 59. further oorrtprising: 

means for overiapping a portion of the radially expanded tubular finer with a 
portion of the preexisting tubutair member to provMe a load bearing 
20 tnterfooeandafkjidicseal. 



61 . The apparatus of daim 60, wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to the inside diameter of a nonoveriapping portion of 
the preexisting tubular member. 

25 

62. The apparatus of daim 59/ further comprising: 

means for applying an axial foroe to the expansion cone. 

63. Tbe apparatus gT daim 54, wherein the inside diameter of the radially expanded 
30 shoe is greater than or substantially equal to the inside diameter of the radially 

expanded tubular liner. 
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64. An apparatus for forming a tubular structure within a subterranean formation 
inckjding a preexisting tLt>uiar member positioned in a borehole, comprising: 
a tubular Bnen and 
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means for radially expanding and ocnipling the tubular liner to an overlapping 

portion of the preexisting tubular memb^, 
wherein the inside dianr^ter of the Fadiaily expanded tubular finer is 

substantially equal to the inside diameter of a non-overlapping portion of 

the preexisting tubular member. 

65. A tubular structure positioned in a borehole wltiiin a subtenanean Ibmiation. 
comprising: 

a first tubular memt>en arul 

a second tubular member coupled to and overlapping vwtti the first tubular 
member; 

wherein the second tubular member is coupled to the first tubular member by 
ttie process of: 

installing the second tubular member, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; and 
radially expanding at least a portion of the second tubular member by 

injecting a fluidic material into ttie borehole below tfie expansion 

cone. 

66. The tubular structure of dalm 65. whmin ttie process ftjrther comprises: 

radially expanding ttie expansion cone. 

67. The tubular structure of daim 65, vvherein ttie process furttiercompri^ 

lowering ttie expan^n cone into ttie radially expanded portion of ttie shoe; and 
radially expanding ttie expansion cone. 

68. The tubulffi* sbuclure of dabn 67, wherein the process further comprises: 

, radially e)9>andin9 at least a portion of ttie shoe and ttie second tubular member 
liy Injecting a fluidic material Into ttie borehole below ttie radially 
expanded expansion cone. 



69. 



The tubular structure of daim 65, wherein ttie process further comp^ 
iriiecttng a hardenable fluidic sealing material into an anmiius behween ttie 
second tubular member and ttie borehole. 
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70. The tubular strudunB of daim 65. wherein the process further comprises: 

radially expanding at least a portion of the first tubular member. 

71 . The tubular structure of daim 70, wherein the process further comprises: 

overlapping a portion of the radie% expanded second tubular member with a 
portion of the first tubular member. 

72. The tubularstriicturBOfclalm 71, wherein thei inside diameterof the radially 
expanded second tubular member is substantiaily equal to the inside diameter of a 
nonovBflappIng portion of the first tubular member. 

73. The tiibutorstnictwe of daim 70, wherebitlw process further cornprises: 

applying an a)dai force to the expansion cone. 

74. The tubular stnicture of daim 65. wherein the inside diameter of the radially 
expanded shoe is grsator than or substantiaily eqial to the inside diameter of the 
radially expem(ted second tubular member. 

75. An apparatus for forming a wePbore casing In a borehole located In a 
subterranean formation biduding a preexisting wellbore casing, comprtsing: 

a support member induding a first fluid passage; 

an expandable expansion cone coupled to the support member induding a 
second fluid passage fluldidy coupled to the first fluid passage; 

an eiqMuidabie tubular liner movably coupled to the expansion cone; and 

an expandabia shoe coupled to tt» expandable tubular liner comprising: 

a vedveable fhM passage for controlHng the flow of fluidic matertals out 

of the expandable shoe; 
an expand^ portion induding one ormore Inward folds: and 
a remedning portton coupled to the expandable portion: 
wherrti the outer drcumfe r snce of the «<pand^rte poA'on is greater 
than the outer drcumferenoe of the remabiing portion. 

76. A shoe, comprising: 

an upper annular portion: 
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an intermediate annular portion coupled to the upper annular portion including 

one or more inward folds; and 
a lower annular portion coupled to the intennediate portion Including a 

valveable fluid passage for controlling the flow of fluidic materials out of 
5 the shoe; 

wherein the intemnediate annular portion has an outer circumference that is 
larger than the outer circumferences of the upper and lower annular 
portior^. 

77. A method of fomning a wellborB casing in a subterranean formation having a 
preexisting welltxm casing positioned in a borehole, comprising: 

Inetailing a tubular iiner« an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; 

lowering the expansion cone Into the radially expanded portion of the shoe; 
radially expanding the expansion cone; 

radially expanding at least a portion of the ti&i&r liner by injecting a fluidic 

materiallnto the borehole below the expansion cone; and 
overlapping a portion of the radially expanded tubular liner with a portion of the 

preexisting wellbore casing; 
wherein the inside diameter of the radially expanded shoe is greater than or 
sut>stantially equal to the inside diameter of the radtelly expanded 
tubular liner, and 
wherein the inside diameter of the radially expanded tubular liner is 
sut>stentiaily equal to or greater than the inside diameter of a nonovertapping 
portion of the preexisting wellbore casing. 

78. An apparatus for forming a wellbore casing in a subterranean formation having a 
preexisting wellbore casing positioned in a bon^hole. comprising: 

30 means for installing a tubular liner, an mpansbn cone, and a shoe In the 

borehole; 

means for radially ttcpanding at teast a portion of the shoe by Injecting a fluidic 

rhaterf al into the shoe; 
means for lowering the expansion cone into the radialy expanded portion of the 
3S shoe; 

means for radially expanding the expansion cone; 
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means for radially expanding at least a portion of the tubular liner by irijecUng a 
fluidic material into the borehole below the radially expanded expansion 

cone; 

means for radially expanding at least a portion of the preexisting wellbore 
5 casing; and 

means for overlapping a portion of the radially expanded tubular liner with a 

portion of the preexisting wellbore casing; 
wherein the inside diameler of the radially expanded shoe to greater than or 

substantially equal to the inside diameter of the radially expandsd 
10 tubular liner; and 

whmin the inside diameter of the radially exjpanded tubular Uner is 

substantially equal to the inside diameter of a nonoverlapping portion of 

the preexisting wellbore casing. 

15 79. A weUbore casing positioned in a borehole within a subterranean fiomiation, 
comprising: 

a first wellbore casing; and 

a second wellbore casing coupled to and overlapping with the first wellbore 
casing; 

20 wherein the second wellbore casing is coupled to the first wellbore casing by 

the process of. 

installing the second wellbore casing, an expansion cone, and a shoe in 
tlie borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 
25 material into the shoe; 

lowering the expansion corte into the radially expanded portion of the 
shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the second wellbore casing by 
30 ir^ecUng a fluidic material into the borehole below the radially 

expanded expansion cone; and 



overlapping a portion of the radially expanded second wellbore casing 
with a portion of the first welBxm casing; 



wherein the inside diameter of the radially expanded shoe is greater 
than or substantially equal to the inside diametM^ of the radially 
expanded second weilbore casing; and 

wherein the inside diameter of the radially expanded second wellt)ore 
casing is substantially equal to the inside dianneter of a 
nonoverlapping portion of the first weilbore casing. 

80. A method of forming a tubular structure in a subtenranean formation having a 
preexisting tubular member positioned in a borehole, comprising: 

installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; 

lowering the expansion cone into the radially expanded portion of the shoe; 
radially expanding the expar^on cone; 

radially expanding at leasta portion of the bJbuiar liner by injecting a fluidic 

material into the borehole below the radially mpanded expansion oone; 
and 

overiapping a portion of the radtolly expanded tubular liner with a portion of the 
preexisting tubular member to provide a load bearing interface and a 
fluidic seal; 

wherein the inside diameter of the radially expanded shoe is greater than or 

substantially equal to the inside diameter of the radially expanded 

tubular liner; and 
wherein the inside diameter of the radially expanded tubular liner is 

substentiaily equal to the inside diameter of a nonoveriapping portion of 

the preexisting tubular member. 

81 . An apparatus for fonnlng a tubular stnicture in a subtenranean fbnmation having a 
preexisling tiibular member posKlmed in a borehole, comprising: 

means for instelfing a tubular liner, an expansion oone, and a shoe in the 
borehote; 

means for radially expanding at least a portion of the shoe; 
means for lowering the expansion oone into the radially expanded portion of the 
shoe; 

means for radially expanding the expansion oone; 

means for radially expanding at least a portion of the tubular liner, and 
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means for overlapping a portion of the radially expanded tubular liner with a 

portion of ttie preexisting tubular member to provide a load bearing 

Interboe and a fluidic seal; 
wherein the inside diameter of the radially expanded shoe is greater than or 
S substantially equal to the inside diameter of the radially expanded 

tubular Hner. and 
wherein the inside dianneter of the radially expanded tubular liner te 

substantially equal to the inside diameter of a nonoveriapplng portion of 

the preexbting tubular member. 

10 

82. A tubular structura positioned in a borehole witiih a subterranean fbnmation, 
comprising: 

a first tubular member; and 

a second tubular niember coupled to and overlapping with the firat tubular 
15 memben 

whertf n the second tubular mmnber is coupled to the firet tubular member by 
the process of : 

installing the second tubular member, an expansion cone, and a shoe bi 
the bor^le; 

20 radially expanding at least a portion of the shoe by injecting a fluidic 

nrtaterial into ttie shoe; 
lowering the expansion cone into the radially expanded portion of the 
shoe; 

radially expanding the expansion cone; 
25 radially expanding at least a portion of ttie second tubular member by 

injecting a fluidic material into ttie borehole below ttie radially 
expanded expansion cone; and 
overlapping a portion of ttie radially expanded second tubular member 
with a portion of ttie first tubular member. 
30 wherein ttie inside diam^ of ttie radiidly expanded shoe ^greater 

ttian or substantially equal to ttie inside diameter of ttie radially 
expanded second tubular memben and 
wherein ttie inside diameterof ttie radialy expanded second tubular 
member is substantially equal to ttie inside diameter of a 
35 nonoveriapplng portion of ttie first tubular nneniber. 
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